We analyse the two-loop renormalization group (RG) flow of the gauge and Yukawa couplings within the E 6 inspired supersymmetric (SUSY) models with extra U (1) N gauge symmetry under which right-handed neutrinos have zero charge. In these models single discreteZ H 2 symmetry forbids the tree-level flavor-changing transitions and the most dangerous baryon and lepton number violating operators. We 
Introduction
The recent discovery of a SM-like Higgs state with a mass around ∼ 125 GeV [1, 2] is consistent with the supersymmetric (SUSY) extensions of the Standard Model (SM).
Indeed, in the minimal supersymmetric standard model (MSSM) the mass of the lightest Higgs particle, which manifests itself in the interactions with gauge bosons and fermions as a SM-like Higgs boson, does not exceed 130 − 135 GeV. Although the MSSM is one of the most attractive and best studied extensions of the SM it suffers from the µ problem: the superpotential of the MSSM contains one bilinear term µH d H u which is present before SUSY is broken. Thus one would naturally expect the parameter µ to be of the order of the Planck scale M Pl . On the other hand in order to get the correct pattern of electroweak (EW) symmetry breaking (EWSB), µ is required to be of the order of the EW scale.
An elegant solution of the µ problem naturally arises in the framework of E 6 inspired models. At high energies E 6 can be broken down to the rank-5 gauge group that leads to low energy gauge symmetry with additional U (1) ′ factor in comparison to the SM. The remaining U(1) ′ symmetry is a linear combination of U(1) ψ and U(1) χ U(1) ′ = U(1) χ cos θ + U(1) ψ sin θ .
Two anomaly-free U(1) ψ and U(1) χ symmetries are defined by: E 6 → SO ( Here we focus on the supersymmetric extension of the SM which is based on the low-energy SM gauge group together with an extra U(1) N gauge symmetry that corresponds to the angle θ = arctan √ 15 in Eq. (1) . Only in this Exceptional Supersymmetric
Standard Model (E 6 SSM) [3] - [4] right-handed neutrinos do not participate in the gauge interactions. As a consequence they may be superheavy, shedding light on the origin of the mass hierarchy in the lepton sector. Because right-handed neutrinos are allowed to have large masses, they may decay into final states with lepton number L = ±1, thereby creating a lepton asymmetry in the early Universe that subsequently gets converted into the observed baryon asymmetry through the EW phase transition [5] .
To ensure that E 6 SSM is anomaly-free, the particle spectrum in this extension of the SM is extended to fill out three complete 27-dimensional representations of the gauge group E 6 . Each 27-plet contains one generation of ordinary matter; singlet fields, S i ; up and down type Higgs doublets, H discrete symmetry that implies that exotic quark and lepton superfields are odd whereas the others remain even, then the most dangerous baryon and lepton number violating operators get forbidden and proton is sufficiently longlived [3] - [4] . The presence of exotic matter predicted by the E 6 SSM at the TeV scale may lead to spectacular new physics signals at the LHC which were analysed in [3] - [4] , [6] . Recently the particle spectrum and collider signatures associated with it were studied within the constrained version of the E 6 SSM (cE 6 SSM) [7] . The threshold corrections to the running gauge and Yukawa couplings in the E 6 SSM and cE 6 SSM were studied in details in [8] . The renormalization of VEVs in the E 6 SSM was considered in [9] . In this article we explore the two-loop renormalisation group (RG) flow of the gauge and Yukawa couplings within the E 6 inspired supersymmetric extensions of the SM with extra U(1) N gauge symmetry in which a single discreteZ H 2 symmetry forbids tree-level flavor-changing transitions and the most dangerous baryon and lepton number violating operators [10] . Two different scenarios A and B, that involve extra matter beyond the MSSM contained in three and four 5 + 5 representations of SU(5) respectively together with three SM singlets with U(1) N charges, are considered. These scenarios lead to different phenomenological implications associated with the exotic quarks D i andD i .
In the case of scenario A we demonstrate that the solutions of the RG equations for the SU(2) W and U(1) Y gauge couplings tend to converge towards the quasi-fixed points which are rather close to the experimentally measured low energy values of these couplings while the convergence of the corresponding solutions for the strong gauge coupling to the quasifixed point is rather weak. In the scenario B the values of the strong gauge coupling g 3 (Q) near the EW scale tend to be substantially smaller than the experimentally measured central value of this coupling. This implies that the values of α 3 (M Z ), which are within one standard deviation of its measured central value, result in the appearance of the Landau pole below the GUT scale in this scenario. Thus the gauge coupling unification gets basically spoiled by large two-loop corrections in this case.
We also argue that the solutions for the Yukawa couplings approach the quasi-fixed points with increasing their values at the Grand Unification (GUT) scale M X . In contrast with the MSSM the quasi-fixed point scenarios in the SUSY models being considered here, that correspond to tan β ∼ 1, have not been ruled out. In other words these scenarios can lead to the solutions with the SM-like Higgs mass around ∼ 125 GeV. We calculate the two-loop upper bounds on the lightest Higgs boson mass in the vicinity of the quasi-fixed points in these models and compare the obtained results with the corresponding ones in the NMSSM. Although we focus primarily on the part of the parameter space, where the lightest Higgs boson mass attains its maximal value in the SUSY models mentioned above (see, for example [11] - [12] ), our analysis indicates that the values of the Yukawa couplings near the quasi-fixed points are such that the SM-like Higgs state has a mass which is lower than 130 GeV for TeV stop masses.
The layout of the remainder of the paper is as follows. In the next section we briefly review the E 6 inspired SUSY models with exact custodialZ quarks to be leptoquarks. The low energy matter content in the scenario A involves:
where α = 1, 2 and i = 1, 2, 3. Neglecting all suppressed non-renormalisable interactions one gets an explicit expression for the superpotential in this case
In the scenario B extra matter beyond the MSSM fill in complete SU (5) longlived. In the scenario B the low energy matter content may be summarized as:
whereas the renormalizable part of the TeV scale superpotential is given by
The superpotential (5) contains a set of the TeV scale mass parameters, i.e.
that can be induced after the breakdown of local SUSY.
The gauge group and field content of the E 6 inspired SUSY models discussed above can originate from the 5D and 6D orbifold GUT models in which the splitting of GUT multiplets can be naturally achieved [10] . In these orbifold GUT models all GUT relations between the Yukawa couplings can get entirely spoiled. On the other hand the approximate unification of the SM gauge couplings should take place in these models. In the scenario A the analysis of the solutions of the two-loop RG equations indicates that the gauge coupling unification can be achieved for any phenomenologically reasonable value of α 3 (M Z ) consistent with the central measured low energy value [10] , [15] . In the scenario B large two-loop corrections spoil the exact unification of gauge couplings [10] .
Nonetheless the relative discrepancy of α i (M X ) is about 10% that should not be probably considered as a big problem within the orbifold GUT framework. [20] - [21] revealed, that a broad class of solutions of the MSSM RG equations concentrated near the quasi-fixed point corresponds to tan β = 1.3 −1.8. These comparatively small values of tan β lead to the lightest Higgs mass which does not exceed 94 ± 5 GeV [20] . Nowadays so light SM-like Higgs boson is ruled out. Thus in order to get phenomenologically viable solutions within the E 6 inspired SUSY models studied here we allow the Yukawa coupling λ to be as large as the top-quark Yukawa coupling (i.e.
). This should permit us to find self-consistent solutions with the larger mass of the SM-like Higgs state as compared with the MSSM. Moreover large values of λ can affect the evolution of the soft scalar mass m 2 S of the singlet field S rather strongly resulting in negative values of m 2 S at low energies that triggers the breakdown of U(1) N symmetry. To simplify our analysis we further assumed that all other Yukawa couplings are sufficiently small so that they can be neglected in the leading approximation. Then the approximate superpotential studied is given by:
The running of the gauge couplings
First of all we discuss the evolution of the SM gauge couplings g i (Q) . Their values at the EW scale are fixed by the LEP measurements and other experimental data [22] .
Assuming that the gauge coupling unification is preserved the solutions of the one-loop RG equations for the SM gauge couplings may be presented in the following form
where index i runs from 1 to 3 and β i are one-loop β functions:
Here n f is a number of pairs of 5 + 5 supermultiplets that survive to the TeV scale in addition to the MSSM particle contents. In the scenarios A and B the corresponding numbers are n f = 3 and n f = 4 respectively. Although the high energy scale M X where the unification of the SM gauge couplings takes place is almost insensitive to n f the overall gauge coupling g 0 depends on the number of exotic supermultiplets n f rather strongly. It rises when n f grows. Indeed, in the one-loop approximation we have
For n f = 3 the value of the overall gauge coupling g 0 ≃ 1.2 while for n f = 4 Eq. (8) gives g In the case of the SU(2) W and U(1) Y gauge couplings the large values of g 2 0 ≫ 1 imply that the first term in the right-hand side of the Eq. (7) is substantially smaller than the second term and the corresponding solutions of the RG equations (RGEs) are focused near the infrared stable fixed point at low energies, i.e.
This fixed point corresponds to
scale. In general the solutions of the RG equations always approach the infrared stable fixed point when t → ∞. In our analysis the interval of variations of t remains always
. As a consequence the solutions for g i (Q) are concentrated near the quasi-fixed points which set upper limits on the allowed range of the low-energy values of these couplings caused by the applicability of perturbation theory up to the scale
In the case of scenarios A and B the values of the SU (2) If β 3 > 0, like in the scenario B, the solutions of the RG equations for the SU(2) W and SU(3) C gauge couplings also approach the fixed point
in the limit g 2 0 → ∞. However since even in the scenario B the value of the one-loop beta function associated with the strong interactions is rather small, i.e. β 3 = 1, the convergence of the solutions for g 3 (Q) to the corresponding quasi-fixed point is rather weak. Therefore the solutions of the RG equations for g 2 (Q)/g 3 (Q) are also attracted to the fixed point (10) very weakly. In the case of scenario A β 3 vanishes in the one-loop approximation so that near the fixed point (10) g become extremely small when t → ∞. At any low-energy scale Q the value of the strong gauge coupling in the scenarios A and B is substantially larger than g 1 (Q) and g 2 (Q) so that the ratios g Table 3 . The two-loop RG flow of gauge couplings is shown in Fig. 1 . The corresponding two-loop beta functions can be found in [10] . The results presented in Table 2 demonstrate that the inclusion of the two-loop corrections leads to the growth of the ratio g follows that the solutions of the RG equations for g 1 (Q) and g 2 (Q) are sufficiently strongly attracted to the quasi-fixed points. In the scenarios A and B the numerical values of these gauge couplings associated with the quasi-fixed points (see Table 3 ) are reasonably close to the measured values of these couplings. On the other hand as one can see from Fig. 1b the convergence of the solutions of the RG equations for g 3 (Q) to the quasi-fixed point is 5 In the MSSM the infrared fixed point (9) is very far from the corresponding ratio of the physical quantities of the SU (2) W and U (1) Y gauge couplings. Indeed, for n f = 0 Eq. (9) Table 3 indicate that for g 0 = 1.5 all SM gauge couplings at the EW scale including the strong gauge coupling are rather close to their measured central values in the case of scenario A.
The RG flow of the gauge couplings in the scenarios A and B is affected by the kinetic term mixing which is consistent with all symmetries. Indeed, in the most general case the gauge kinetic part of the Lagrangian can be written as
where F 
Here the trace is restricted to the states lighter than the energy scale being considered.
The complete E 6 multiplets do not contribute to the trace (12) . Its non-zero value is caused by the presence of the components of the incomplete 27 ′ l and 27 ′ l multiplets of the original E 6 symmetry which survive to low energy.
The mixing in the gauge kinetic part of the Lagrangian (11) can be eliminated by a non-unitary transformation of two U(1) gauge fields [23] :
In the new basis of the gauge fields (B 1µ , B 2µ ) the gauge kinetic part of the Lagrangian is diagonal whereas the covariant derivative can be written in a compact form
6 In the scenario B the considerably larger values of the strong gauge coupling at the EW scale can be obtained if we take into account the low energy threshold effects associated with the presence of exotic states and superpartners of ordinary particles. Nevertheless even in this case the exact unification of gauge couplings can be achieved only for
where
) and G is a 2 × 2 matrix of gauge couplings
In the expression for the covariant derivative (14) the SU(3) C and SU (2) Using the matrix notation for the structure of U(1) interactions one can write down the RG equations for the Abelian couplings in a compact form [24] :
From Eqs. (16) one can see that, whereas the solution of the one-loop RG equation
for g 1 (Q) is still described by Eq. (7), the running of couplings g ′ 1 (Q) and g 11 (Q) obey quite complicated system of differential equations. In the scenario A β and β 11 are 10.9 and β 11 = 3 √ 6/10 respectively.
In the E 6 inspired SUSY models with extra U(1) N factor the RG equations (16) have infrared stable fixed points:
The solutions of the differential equations (16) approach the fixed points (17) when the overall gauge coupling g 0 and t increase. Since in both scenarios β 1 ≃ β ′ 1 ≫ β 11 the values of the diagonal U(1) Y and U(1) N gauge couplings are approximately equal at low energies whereas the off-diagonal gauge coupling g 11 (Q) being set to zero at the GUT scale remains rather small at any scale below M X . Eq (17) indicates that in the case of scenario A g 1 tends to be slightly less than g Fig. 1c and 1d where we set g ′ 1 (M X ) = g 0 and g 11 (M X ) = 0. Because g 11 (Q) ≪ g i (Q) and β 11 is relatively small as compared with the diagonal beta functions we neglect two-loop corrections to β 11 . Again we only include plots associated with the scenario A because the corresponding plots look rather similar in both scenarios. One can see that Figs. 1a and 1c are almost identical. This is because g 1 (Q) ≃ g ′ 1 (Q). The results presented in Fig. 1 and Table 3 demonstrate that the inclusion of the two-loop corrections don't change much the position of the fixed points (17) . In principle the two-loop corrections to β 3 , β 2 , β 1 and β ′ 1 as well as the twoloop RG flow of all gauge couplings depend on h t (Q) and λ(Q). However this dependence is rather weak and can be ignored in the first approximation [15] . Nevertheless the results presented in Table 3 and Fig. 1 are obtained for h t (M X ) = λ(M X ) = g 0 . The evolution of the Yukawa couplings will be considered in the next subsection.
The running of the Yukawa couplings and the Higgs mass
Since the RG flow of gauge couplings in the E 6 inspired SUSY models with extra U(1) N factor implies that the corresponding quasi-fixed points of RG equations are reasonably close to the measured values of g i (M Z ) it is worth to examine the quasi-fixed point solutions for the Yukawa couplings as well. The Yukawa couplings appearing in the superpotential (6) obey the following two-loop RG equations: , 
where in the case of scenario A
while in the scenario B we have
In the right-hand side of Eq. (18) we neglect all Yukawa couplings except λ and h t .
From Eq. (18) it follows that the evolution of λ(Q) and h t (Q) depend on the values of the gauge couplings. In the case of scenario A we set g 0 = 1.5. As it was pointed out in the previous subsection this value of the overall gauge coupling leads to g i (M Z ) which are very close to their measured central values. In the scenario B we fix g 0 = 3
because it results in the most phenomenologically acceptable values of gauge couplings at low energies.
For the purposes of our RG studies, it is convenient to introduce
The allowed range of the parameter space in the (ρ t , ρ λ ) plane is limited at the EW scale by the quasi-fixed (or Hill type effective) line. Outside this range the solutions for h t (Q) and λ(Q) develop a Landau pole below the scale M X so that the perturbation theory becomes inapplicable. The solutions of the RG equations (18) line. When t goes to zero, this line approaches its asymptotic limit where ρ t , ρ λ >> 1 and ρ λ → ρ t , which is a fixed point of the RG equations for the Yukawa couplings in the
The invariant line connects this fixed point with the infrared stable fixed point. In the scenario A this fixed point is given by:
whereas in the scenario B ρ λ = 0 , ρ t ≃ 1.17.
All solutions of the RG equations for ρ t and ρ λ are concentrated near the infrared stable fixed point at very low energies when t → ∞. The infrared fixed line is RG invariant solution. If the boundary values at Q = Λ are such that h t (Λ) and λ(Λ) belong to the fixed line, the evolution of the Yukawa couplings proceeds further along this line towards the infrared stable fixed point. With increasing of the interval of the RG flow the solutions of the differential equations (18) are first attracted to the invariant line and then close to or along this line towards the infrared fixed point. Infrared fixed lines and surfaces, as well as their properties, were studied in detail in [25] .
As h t (M X ) and λ(M X ) grow, the region at the EW scale in which the solutions of the RG equations for ρ t and ρ λ are concentrated shrinks drastically. They are focused near the intersection point of the invariant and quasi-fixed lines. Hence this point can be considered as the quasi-fixed point of the RG equations (18) [26] . In the two-loop approximation the intersection points of the invariant and quasi-fixed lines have the following coordinates in the (ρ t , ρ λ ) plane (A) ρ t = 1.16 , ρ λ = 0.14; (B) ρ t = 1.33 , ρ λ = 0.18 .
in the cases of scenarios A and B respectively. The quasi-fixed points (24) correspond to
, which is associated with the fixed point of the RG equations for the Yukawa couplings in the gaugeless limit. Eq. (24) indicates that turning the gauge couplings on induces a certain hierarchy between h t (Q) and λ(Q).
Indeed, because g 3 (Q) is substantially larger than other gauge couplings at low energies the top-quark Yukawa coupling tends to dominate over λ(Q).
The two-loop RG flow of ρ t (Q) and ρ λ (Q) in the cases of scenarios A and B are shown in Figs. 2a and 2b . The results of our analysis are also summarised in Table 4 . In
Figs. 2a and 2b we plot the running ρ λ (Q) versus ρ t (Q) from Q = M X to the EW scale for regular distribution of boundary conditions for λ(M X ) and h t (M X ) at the GUT scale.
These plots demonstrate that the trajectories, which represent different solutions of the two-loop RG equations are focused in a narrow region near the quasi-fixed points at low energies. From Table 4 it follows that the relative variations of h t (M Z ) near the quasi fixed point are rather small, i.e. about 1%, when 1. The convergence of h t (Q) to the quasi-fixed points (24) allows to predict the value of the top quark Yukawa coupling at the EW scale. Then, using the relation between the running mass and Yukawa coupling of the t-quark
one can find the value of tan β that corresponds to the quasi-fixed points (24) . In Eq. (24)
GeV, tan β = v 2 /v 1 while v 2 and v 1 are the VEVs that Higgs doublets H u and H d develop. In our analysis we set m t (M t ) ≃ 163 GeV which is rather close to the central value that can be obtained using the world average mass of the top quark M t = 173.07 ± 0.52 ± 0.72 GeV (see [22] ) and the relationship between the t-quark pole (M t ) and running (m t (Q)) masses [27] 
From Table 4 [30] . Leading one-loop and two-loop corrections to m h 1 increase the upper bound on the lightest Higgs boson mass from M Z to 130 GeV (see [31] and references therein). In the MSSM the approximate expression (27) leads to the value of the lightest Higgs mass which is typically a few GeV lower than the one which is computed using the Suspect [32] and FeynHiggs [33] packages.
In our analysis we focus on the so-called maximal mixing scenario, when X t = √ 6M S , that leads to the maximal possible value of m h 1 . We also set stop scalar masses to be equal to m Q = m U = M S = 1200 GeV that result in the reasonably light stops which are not ruled by the LHC experiments. Then for each set of λ(M Z ) and tan β one can calculate the theoretical restriction on m h 1 . The analysis performed in [3] shows that in this case the two-loop upper bound on the lightest Higgs mass reaches its maximal value, i.e. 150 − 155 GeV, for tan β ≃ 1.5 − 2 when the low energy value of the coupling λ can be as large as 0.7 − 0.8 . The results presented in Table 4 indicate that the quasi- Table 4 one can see that it is possible to find such solutions in the vicinity of the quasi-fixed point in the case of the scenario A. In the scenario B the low energy values of λ(M Z ) are typically smaller than the ones in the scenario A and it seems to be rather problematic to find phenomenologically acceptable solutions near the corresponding quasi-fixed point.
The requirement that λ g ′ 1 at the EW scale leads to extremely hierarchical structure of the Higgs spectrum [3] . Indeed, in this case the qualitative pattern of the Higgs spectrum is rather similar to the one that arises in the PQ symmetric NMSSM in which the heaviest CP-even, CP-odd and charged states are almost degenerate and much heavier than the lightest and second lightest CP-even Higgs bosons [34] - [35] . Because the mass of the second lightest CP-even Higgs state is set by the Z ′ boson mass (M Z ′ ) [3] which should be heavier than 2 TeV the heaviest Higgs boson masses lie beyond the multi TeV range and the mass matrix of the CP-even Higgs sector can be diagonalized using the perturbation theory [35] - [36] . Thus the phenomenologically viable quasi-fixed point solutions in the It is useful to compare the results of our analysis of the quasi-fixed point scenarios in the E 6 inspired SUSY models with the corresponding results in more simple SUSY extensions of the SM like the NMSSM [37] and its modifications [38] . In the NMSSM, the spectrum of the MSSM is extended by one singlet superfield (for reviews see [39] ).
The term µ(H d H u ) in the superpotential is then replaced by the coupling term λSH d H u .
As in the E 6 inspired SUSY models discussed above the superfield S acquires non-zero
and an effective µ-term (µ ef f = λs/ √ 2) is automatically generated.
However the simplest model of this type possesses an extended global SU(2) × [U(1)] 2 symmetry 7 that after its breakdown leads to the appearance of the massless CP-odd scalar particle in the Higgs boson spectrum which is a Peccei-Quinn axion [40] . The common way to avoid axion is to introduce a term cubic in the new singlet superfield κ 3 S 3 in the superpotential that explicitly breaks an additional U(1) global symmetry. Here to simplify our analysis of the RG flow of the Yukawa couplings we assume that κ is negligibly small while the extended global SU(2) × [U(1)] 2 symmetry is explicitly broken by some other mechanism like in some modifications of the NMSSM [38] .
The approximate analytical expression (27) can be used for the calculation of the upper bound on the lightest Higgs mass m h 1 in the NMSSM and its modifications if we set g ′ 1 = 0. From Eq. (27) it follows that for large λ, i.e. λ > √ 2M Z /v ≃ 0.52, the theoretical restriction on m h 1 attains its maximal value for tan β ∼ 1 which is larger than the upper bound on the mass of the lightest Higgs boson in the MSSM. As a consequence for large low energy values of λ the fine-tuning of the MSSM, which is needed to ensure that this model is consistent with 125−126 GeV SM-like Higgs boson, can be ameliorated within the NMSSM [41] . However in the NMSSM λ(M Z ) ≃ 0.7 is the largest value in order not to spoil the validity of perturbation theory up to the scale M X . The inclusion of extra 5 + 5-plets of matter enlarges the allowed range of λ at low energies [12] . In this context we also explore here the RG flow of the Yukawa couplings within the NMSSM with three families of 5 + 5-plets of extra matter (NMSSM+) [42] - [43] assuming again that the coupling κ is so small that it can be ignored in the leading approximation.
The results of our numerical analysis of the two-loop RG flow of the Yukawa couplings are presented in Fig. 2c and 2d as well as in Table 5 . The complete set of the two-loop RG equations that describe the running of the gauge and Yukawa couplings from Q = M X to the EW scale within the NMSSM and NMSSM+ can be found in [42] . In the case of the NMSSM we set g 0 = 0.725 whereas for the analysis of the RG flow of h t (Q) and λ(Q)
within the NMSSM+ we fix g 0 = 1.5. These values of g 0 leads to g i (M Z ) which are very close to the experimentally measured values of the SM gauge couplings at the EW scale. are allowed to be larger than in the NMSSM so that the lightest Higgs boson in the NMSSM+ can be heavier than in the NMSSM and MSSM. On the other hand the results presented in Table 5 and the coordinates of the quasi-fixed points (28) indicate that the values of λ(M Z ) near the quasi-fixed point (D) tend to be smaller than in the vicinity of quasi-fixed point (C). Thus for a fixed set of the Yukawa couplings at the GUT scale the theoretical restrictions on the mass of the SM-like Higgs boson becomes even more stringent after the inclusion of exotic supermultiplets of matter (see Table 5 ). This happens because h t (Q) renormalizes by means of strong interactions while λ(Q) does not.
Due to this the top-quark Yukawa coupling rises significantly (see Table 5 Table 5 show that for a fixed set of h t (M X ) and λ(M X ) last effect dominates. As a con- As in the quasi-fixed point scenarios (A) and (B) the relative variations of h t (M Z ) near the quasi-fixed points (C) and (D) are quite small, i.e. about 4% and 1% respectively when h t (M X ) and λ(M X ) vary from 1.5 to 3 (see Table 5 
Conclusions
In this paper we have explored the RG flow of the gauge and Yukawa couplings within the E 6 inspired SUSY models with extra U(1) N gauge symmetry under which righthanded neutrinos have zero charge. In these models single discreteZ Moreover our analysis indicates that in this case the SM-like Higgs state tends to be lighter than 125 GeV. Indeed, we argued that the solutions of the two-loop RG equations for the Yukawa couplings are concentrated near the quasi-fixed points when h t (M X ) and λ(M X ) grow. In the scenarios A and B these quasi-fixed points correspond to the values of tan β around 1 and 1.2 respectively. Near the quasi-fixed point the low energy values of the coupling λ tend to be slightly larger in the scenario A than in the scenario B. As a consequence in the vicinity of the quasi-fixed point the lightest Higgs state is allowed to be a few GeV heavier in the scenario A than in the scenario B. Our estimations show that for 1.5 h t (M X ), λ(M X ) 3 the maximal value of the lightest Higgs mass is just above 126 GeV in the scenario A and a few GeV lower than 125 GeV in the scenario B.
Thus it seems to be rather problematic to find phenomenologically acceptable solutions near the quasi-fixed point in the case of scenario B.
In this context it is worth noting that the absolute maximum value of the lightest Higgs mass in the E 6 inspired SUSY models with extra U(1) N symmetry is about 155 GeV [3] so that it is considerably larger than the upper bounds on m h 1 in the vicinity of the quasi-fixed points. This absolute maximum value of m h 1 is attained for tan β ≃ 1. As a result in the NMSSM+ the theoretical restriction on m h 1 in the vicinity of the quasi-fixed point is lower than 120 GeV. This does not rule out NMSSM+ but definitely disfavours the corresponding scenario. In the NMSSM the top-quark Yukawa coupling is smaller whereas λ(M Z ) and tan β are larger near the quasi-fixed point as compared with the quasi-fixed point scenarios in the E 6 inspired SUSY models discussed here and NMSSM+. Therefore the upper bound on the mass of the lightest Higgs boson is less stringent and can be almost as large as 130 GeV.
The results presented in this article show that it is not so easy to get 125 − 126 GeV SM-like Higgs mass within the non-minimal SUSY models mentioned above as one could naively expect. In this context it would be appropriate to remind that in the MSSM large loop corrections are required to raise the Higgs boson mass to 125 GeV. This can be achieved only if stops are relatively heavy that leads to some degree of fine-tuning.
As follows from Tables 4 and 5 
